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Tween 80, and Poloxamer 188. [15] This complex was 8 times more effective than RIF's solution against Mycobacterium fortuitum. [15] In our previous investigation, we showed a combination of phosphoglycerides, CS, and gelatin NPs (CS protein-lipid NPs), as a new carrier for gene transfer and drug delivery system. [17] [18] [19] Herein, we tried to formulate and optimized chitosan/gelatin/lecithin (Chg/L) RIF-NPs. Lecithin is a safe and biocompatible phospholipids mixture which has been reported to be useful in various delivery nanosystems. [20] [21] [22] The designed NPs with high loading capacity and slow release profile would be an ideal carrier for RIF delivery system.
MaterIals and Methods
Reagents RIF was from Sigma-Aldrich (St Louis, MO, USA); acetonitrile and phosphoric acid were high-performance liquid chromatography (HPLC) grade (BDH Chemicals, Poole, UK). CS and gelatin were purchased from Merck by high purity. Deionized water produced by the Milli-Q system (Bedford, MA, USA) was utilized. All other chemicals and reagents were analytical grade.
The analysis of rifampin by high-performance liquid chromatography
The analysis of RIF was done using the Knauer (Germany) HPLC system equipped with K-1001 pump, K-2008 PDA detector, a manual injection valve (Rheodyne, USA) with a 20 µL loop, degasser, and C18 Eurospher column (250 mm × 4.6 mm, 5 µm, 100 A°). [18] The RIF was eluted under isocratic mode using two different solutions, including solvent A -acetonitrile (50%, v/v), solvent B -buffer phosphate (pH = 3.2) (50%, v/v) at room temperature. The flow rate of the mobile phase was 1 ml/min, and detector monitored the samples at 335 nm. [18, 23] 
Preparation of rifampin-lecithin loaded on chitosan-gelatin nanoparticles
Chg/L RIF-NPs were prepared through multilamellar vesicle method. Briefly, 2 g lecithin was dissolved in 10 ml of chloroform, and 300 mg of RIF was added in this solution. The obtained solution was dried by rotary evaporation to obtain the dried thin film. [24] The solution comprises 3% CS solution and 1% gelatin solution (4:1 v/v) which was added dropwise and stirred continuously for 3 h using glass balls. To produce NPs, 10 ml of 1% tripolyphosphate (TPP) solution was added dropwise, and the reaction mixture was allowed to stir for 2 h. [17] [18] [19] 25] Then, the NPs solution was centrifuged under 10,000 rpm for 10 min and the sediment was stored at −80°C for future analysis. [18] 
Fourier transform infrared spectroscopy
Fourier transform infrared (FT-IR) spectroscopy with Elmer infrared spectrometer (model FT-PC-160) at a range of 4000-400 cm −1 was used to analyze the samples. [18, 24, 26] Briefly, a small amount of samples were mixed with KBr and compressed to form tablets. [27] Then, the tablets were scanned in transmission model, using a resolution of 4 cm −1 .
Loading capacity
To determine the loading capacity of RIF, it is necessary to destroy the structure of NPs for RIF's release. For this reason, 2 ml of acetonitrile was added into 2 mg of lyophilized NPs and the RIF release rate was determined using the calibration curve. Then, the percentage of loading capacity was calculated according to the following equation:
Loading capacity (%): ([RIF encapsulated/NPs total] ×100)
Size measurement and determination of zeta potential
The dynamic light scattering using Zetasizer (Nano-ZS; Malvern Instruments, Malvern, UK) was used to determine the size and zeta potential of the Chg/L RIF-NPs. [26] In addition, the topography of the NPs was investigated using the transmission electron microscopy, (JEM1010-JEOL).
In vitro release studies
The drug release was studied according to our previous work. [18] Briefly, an equal amount of Chg/L RIF-NPs and conventional RIF was put into two separate dialysis bags (cut-off 14 KD) that were immersed in different pH buffer solutions (pH 1.00, 3.20, and 7.40) under continuous stirring at 37°C. To keep the volume constant, dissolution medium was replaced with exact amount of samples that were withdrawn at predestinated time. [18] The HPLC method was used to get the final RIFs' release from samples.
Statistical analysis
The experiment was done using three replications for each sample. For statistical analyses, the Statistical Package for the Social Sciences software (SPSS version 22, Armonk, NY) was used and each result presented in this study was a mean ± standard deviation (vertical bars) of three replications.
results

Physicochemical characterization of chitosan/gelatin/ lecithin rifampin-nanoparticles
The particle size, zeta potential, and loading capacity of Chg/L RIF-NPs are shown in Table 1 . The results indicated that with increases in lecithin concentration, the particle size values decreased from 50-250 to 50-150 nm. Moreover, lecithin concentration influenced on loading capacity of RIF. Furthermore, with increasing lecithin concentration, the amount of the zeta potential was increased from 14 to 49 mV. In all experimental conditions, NPs have the multibranch morphology [ Figure 1 ]. Figure 2 shows the FT-IR spectra of (a) CS, (b) gelatin, (c) RIF, and (d) Chg/L RIF-NPs. The FT-IR spectrum of RIF showed several characteristic peaks: absorption band of O-H and N-H at 3452 cm −1 , N-CH 3 band at around 2942 cm −1 , absorption band at about 1697 cm −1 for acetyl -C=O, −C=N asymmetric stretching at 1647 cm −1 , and C=C stretching at 1564 cm −1 . [4, 28] The peaks unique to CS were observed at 3439 cm −1 (OH), 2916 cm −1 (CH), 1636 cm −1 (NH group), and 1639 cm −1 (C-O of primary alcoholic). [29] The FT-IR spectrum of gelatin showed three major peak regions: amide A and B (3600-2700 cm −1 ), amide I, II, and III (1900-900 cm −1 ), and amide IV, V, and VI (400-900 cm −1 ). [18, 30] The FT-IR spectrum of Chg/L RIF-NPs maintained some of the RIF peaks with slight shifting, which indicated an interaction between RIF and CS-gelatin NPs. [28] The peak at 1627 cm −1 corresponds to −NH deformation and a change in the peak at 1062 cm −1 correspond to keto group of the RIF. [18] In vitro release studies
Fourier transform infrared analysis
The release of RIF form NPs in various lecithin concentrations (0.2-2.0 g at pH = 7.4) and different pH levels (i.e., 1.0, 3.4, and 7.4) was determined. All the release behavior lasted for 24 h. Replicated experiments (thrice for each test) were performed for all tests and the mean of results was shown as a function of time as shown in Figures 3 and 4 and Tables 2-4. The results showed that at higher concentration of lecithin (2.0 g), the RIF release was 10-fold increased [ Figure 3 ]. In addition, at pH 7.2, the cumulative percentage of RIF released was notably higher compared to pH 3.4 and 1.0 and reached approximately 93% up to 12 h [ Figure 4a ]. Furthermore, the comparison of Chg/L RIF-NPs with conventional RIF indicated lesser release rate (more than 3-fold) in standard RIF than Chg/L RIF-NPs [ Figure 4b ]. 
dIscussIon
Because RIF is poorly water soluble and has low adsorption, [31] it is necessary to take a high doses in order to reach a therapeutic plasma concentration. [7] This poor solubility in aqueous media was improved using hydrophilic compounds such as CS, PEG, and lecithin as a surface coating. [32] [33] [34] [35] Herein, RIF solubility was increased with increasing lecithin concentration. Lecithin is a mixture of phosphatides, and since it is safe and biocompatible, it could be used as solubilizing carrier. [20, 21] We showed two important roles for lecithin in our experimental setup: it increases RIF solubility and it helps to synthesize the NPs by reducing the use of TPP in formation of NPs. TPP frequently used in the formulation of NPs, although the surface charges of particles depend on volume and concentration ratio of complex and TPP. [35] To reach the optimal concentration, we added TPP in dropwise manner to complex solution under steady stirring. [18, 35] In addition to lecithin, we had used combination of CS and gelatin to make RIF-NPs. This complex could improve both absorption and bioavailability of the RIF. The CS has positive charges because of the hydroxyl and NH 3 + groups, and gelatin has negative charges because of the hydroxyl and COO − groups. The electrostatic and hydrogen bonding interactions [36] [37] [38] cause their attachment, together. Thereby, the synthesized NPs were based on electrostatic interactions between the negatively charged of lecithin exciting to a phosphate group and positively charged amino groups (NH 3 + ) of CS-gelatin. [19] In general, the size of particles is considered as an important property that will affect in vivo performance of NPs. In the present study, the concentration of lecithin was optimized to obtain small NPs with high zeta potential and high loading capacity. As shown in Table 1 , different concentrations of the lecithin (0.2 and 2 g at 10 ml chloroform) were used to optimize the size of particles. The results showed that with increases in lecithin concentration, the particle size values decreased. Because the NPs formed by electrostatic interaction of the negative charge of lecithin with the positive charge of CS-gelatin. As the amount of lecithin increases, the electrostatic interaction increases, causing the reduction in NPs sizes. Thereby, with 0.2 g lecithin, the size of particles was between 50 and 250 nm, and with 2 g lecithin, the size reduces to 50-150 nm. In addition, with increasing lecithin concentration, the amount of the zeta potential was obviously increased. As the value of zeta potential was higher than +30 mV, the stability of NPs suspensions was assured. [18] The positive values obtained for zeta potential indicated that the NPs surface was positively charged. This may be due to the availability of CS free NH 3 + groups on the complex. [4] The increase in the concentration of lecithin affected the drug solubility, i.e., higher lecithin causes higher RIF solubility. In all experimental conditions, NPs have the multibranch morphology.
The release rate is quite slow and gets 12 and 16% after 12 h, respectively [ Figure 4a ]. The rate of RIF released at pH 7.2 is notably higher compared to pH 3.4 and 1.0. The cumulative percentage of RIF released at pH 7.2 was approximately 93% up to 12 h [ Figure 4a ]. Furthermore, the comparison of RIF-lecithin loaded on NPs with conventional RIF indicated lesser release rate (more than 3-fold) in standard RIF than RIF-lecithin loaded on NPs [ Figure 4b ].
The release of RIF from Chg/L RIF-NPs showed a slow and constant release rate, which depends on pH and lecithin concentration. In higher concentration of lecithin, the RIF release was 10-fold increased [ Figure 3 ]. The release of RIF from NPs (2.0 g lecithin) was started after 15 min which was about 24.0 µg/ml; after 2 and 6 h, the release of RIF was about 295.5 µg/ml and 890.4 µg/ml, respectively; and at 12 h, the release reached to 1109.5 µg/ml. Hence, these results indicate that with increase lecithin concentration, the RIF release is increased. At pH 1.0 and 3.4 (close to stomach pH), the release rate is quite slow and gets 12 and 16%, respectively, when it is approaching to 12 h and thereafter a sustained release was observed up to 24 h [ Figure 4a ]. The rate of RIF released at pH 7.2 is notably higher compared to pH 3.4 and 1.0. The cumulative percentage of RIF released at pH 7.2 was approximately 93% up to 12 h [ Figure 4a ]. Furthermore, the comparison of Chg/L RIF-NPs with conventional RIF indicated that the release of RIF from Chg/L RIF-NPs was higher than standard drug RIF (more than 3-fold) [ Figure 4b ].
conclusIons
The method of preparation and formulation of (Chg/L) RIF-NPs was simple, reproducible, and cost-effective. These NPs with high loading capacity and slow release pattern might facilitate the target nano-delivery drug systems, which needs further investigation.
